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doi:10.1016/j.ejvs.2009.12.004Abstract Vascular and endovascular surgery has undergone a period of extraordinary change
during the last 20 years. This is in part due to changes in patient profiles, the development of
new, potent drugs and the technological advances in imaging and interventional products.
These changes have effectively resulted in the development of an independent specialty, which
has needed to define the competencies required for specialist recognition and credentialing.
This paper discusses the key aspects of contemporary training in Vascular and Endovascular
Surgery, and raises the possibility of developing an agreed core international curriculum.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Vascular and Endovascular Surgery has undergone dramatic
changes over the last twenty years. These changes have
been driven by a number of factors. The demographic of
our patient population has changed with a rapid increase in
the elderly and the incidence of diabetes now around 8% of
the population in most regions of the world. A number of
potent drugs have been developed to treat vascular risk
factors and manage atherosclerosis. The development andeting 3e6 September, 2009,
, Oslo, Norway.
ersity of Adelaide, Discipline
Hospital, Woodville 5011,
þ61 8 82226028.
elaide.edu.au (R. Fitridge).
ty for Vascular Surgery. Publisherefinement of imaging and interventional technology has
also occurred at a rapid pace.
These changes have provided an impetus for vascular
surgery to become a well-defined and independent specialty.
It is challenging for vascular surgeons to be competent in all
aspects of vascular imaging, medical therapy and open and
endovascular interventions, without the added challenge of
maintaining competence in (for example) general surgery.
This paper is based on the curriculum and training program
developments which have occurred in Australasia over the
last 8 years, but also refers to approaches taken and issues
currently being addressed in other regions of the world.
Delivery of Vascular Services
The clinicians responsible for the management of vascular
disease around the world continue to vary. Angiologists,d by Elsevier Ltd. All rights reserved.
Table 2 Level 1 Curriculum modules.
Percentage of time to
be spent on module
Vascular Biology:
Endothelium and vessel wall 20
Ischaemia/reperfusion
(inc. SIRS/sepsis)
5
Thrombosis/Haemostasis 15
Haemodynamics and biomaterials 10
Aneurysm biology 4
Wound healing 2
Principles of Imaging 25
Pre- & peri-operative assessment
of the vascular patient
10
Anatomical approaches in Vascular
Surgery
5
Professionalism and ethics 4
100%
A Core International Curriculum for Vascular Surgery S11cardiologists, vascular, general and cardiothoracic surgeons
actively manage vascular disease in many countries. The
concept of the ‘‘vascular specialist’’ as a clinician who is
focused entirely on the assessment and management of
non-cardiac arterial, venous and lymphatic pathology has
received widespread support in many countries. Recently,
Avgerinos and Liapis1 presented a robust case for the
‘‘Vascular Specialist’’ who is uniquely placed to manage
vascular disease in an holistic fashion.
The delivery of elective and in particular emergency
vascular and endovascular interventions outside of major
population centres will continue to be a major challenge
impacting on resource allocation especially in countries in
which regional population densities are low. It may become
increasingly more difficult with subspecialisation within
general surgery to be able to offer training that is deemed
of a minimum standard as set by Boards of Training so that
the general surgeon can provide a minimum level of
vascular specialist care in these regions. General Surgery
senior trainees in Canada recently reported inadequate
knowledge and skills to manage common vascular prob-
lems,2 supporting the concept that few future general
surgeons will be able to adequately manage standard
vascular pathologies.
Competencies Expected of a Vascular and
Endovascular Surgeon
The competencies expected of a contemporary vascular
and endovascular surgeon can be grouped into a series of
attributes based on the CanMEDS project.3 These compe-
tencies can then form the basis of curriculum development.
Table 1 outlines the framework used by our Board to
develop a document of expected competencies.
Components of a Core Curriculum for Vascular
and Endovascular Surgery
On-line curriculum modules
The development of an independent program for training in
vascular and endovascular surgery mandates the acquisition
of both practical skills and an appropriate knowledge base.
The development of a curriculum for vascular and endo-
vascular surgery in Australasia has occurred over the last
6e7 years. This has taken the form of modules which areTable 1 Attributes of the contemporary Vascular and
Endovascular Surgeon.
Professionalism
Scholar/Teacher
Health Advocacy
Management and Leadership
Collaboration
Communication
Medical Expertise
Judgment e Clinical Decision Making
Technical Expertiseaccessible on-line via the Royal Australasian College of
Surgeons (RACS) website (www.surgeons.org). The modules
have been divided into Level 1 modules which cover
vascular biology topics, the principles of vascular imaging,
the pre- and peri-operative management of the vascular
patient and issues of professionalism and ethics. (Table 2).
Level 2 modules include clinical topics (Table 3A). The level
1 modules should be undertaken during the first 18 months
of training and Level 2 modules completed prior to
completion of training.
These modules are able to be modified readily as new
information becomes available. Topics not currently
included such as ‘‘Assessment of New Technology’’ and
‘‘Evidence-based Practice’’ can be added to the content of
a relevant module. Similarly, we have included renal access
in the ‘‘Upper Extremity Disorders’’ module, however as
vascular access surgery continues to take on an increasingly
important role in many surgeons’ practice it may be more
appropriate to dedicate a separate module to this topic.
(Table 3B).
In addition, to progress as a trainee, a general and
vascular specific examination in anatomy, pathology and
physiology needs to be successfully completed. The content
and syllabus for these examinations is presently under
review.Table 3A Level 2 Curriculum modules, Current modules.
Current Modules Percentage of time to
be spent on module
Cerebrovascular disorders 15
Upper extremity disorders 10
Abdominal and thoracic disorders 25
Lower extremity disorders 23
Vascular medicine 5
Clinical sepsis 5
Venous disorders 15
Miscellaneous 2
100%
Table 3B Level 2 Curriculum modules, Proposed modules.
Proposed Modules Percentage of time to
be spent on module
Cerebrovascular disorders 15
Upper extremity disorders 3
Abdominal and thoracic disorders 20
Lower extremity disorders 23
Vascular Medicine 7
Vascular access 10
Clinical sepsis 5
Venous disorders 15
Miscellaneous 2
100%
S12 R. Fitridge et al.There is a consistent structure for each module as
shown in Table 4. The relative importance of each module
and hence relative time that is intended should be spent
on each module is shown. Currently successful completion
of each module is assessed by on-line questions (with
feedback provided). There is one stem question per
percentage point allocated to each module. On-line
accessibility allows not only Australasian trainees to
complete the modules but will potentially allow access to
trainees from international programs after approval is
given by the RACS.
Currently, the European Board of Vascular Surgery
(EBVS) is actively addressing the issue of a vascular surgical
curriculum. Van Bockel et al. have acknowledged that this
is a ‘‘considerable task’’ but is clearly required if
a mandatory exit examination is to be instituted.4
Vascular imaging
Vascular imaging plays a fundamental role in assessment
and management of the vascular patient. A sound under-
standing of all modalities of vascular imaging is essential in
contemporary vascular practice. Duplex scanning is most
frequently the initial investigation utilized and plays
a significant role in the assessment of most forms of arterial
and venous pathology. A sound knowledge of ultrasound
and transducer physics and artifacts in ultrasound should be
achieved, in addition to competence in performing and
interpreting scans.
Several training Boards have introduced mandatory
requirements for ultrasound training. In the USA, theTable 4 Format of Modules.
Rationale of module
Expected competencies to be achieved
Specific topics covered in module
Pre-requisite knowledge
Resources e on-line, text books, courses
Specific learning objectives (detailed)
Assessment methods
-Multiple choice questions, short answer questions
-Others eg: DOPSClinical Practice Council of the Society for Vascular Surgery
has endorsed the Inter-societal Commission for Accredita-
tion of Vascular Laboratories (ICAVL) recommendations for
clinicians to become qualified in vascular interpretation.
This council recommended a minimum number of super-
vised studies be performed in each of the types of duplex
scanning.5 The Board of Vascular Surgery in Australasia has
mandated that all vascular trainees spend 100 h in
a vascular laboratory performing and reporting duplex
scans under supervision. A logbook must be kept and
submitted to the Board. Ten case reports must also be
written up and submitted. In addition, the principles of
ultrasound make up an important component of the
Vascular Imaging module (Table 2), ensuring a sound
scientific basis of the principles of ultrasound/Duplex
scanning are achieved. These guidelines are consistent with
those of the Australian Society for Ultrasound in Medicine
(ASUM) and ensure graduates from the Australasian
Vascular program are considered to be appropriately
trained by our colleagues from radiology programs.
The principles of CT/CT Angiography and MRI/MR Angi-
ography are also covered in detail in the Level 1 Imaging
module of the Vascular curriculum. The broad range of
issues associated with angiography (including biological
effects of radiation, contrast issues, catheter and guide-
wire properties) are addressed in the curriculum via the
Principles of Imaging module. Trainees are expected to
have maintained a logbook and performed 100 angiograms
and 50 angioplasties/stents prior to completing their
training. Similar logbook numbers have been recommended
by the SVS.5 The specific aspects of endovascular proce-
dures including technical issues, outcomes and complica-
tions are covered in the relevant Level 2 module. Whilst
there is currently no formal breakdown of endovascular
interventional requirements, endovascular interventions
form such an important part of our practice that this
is likely to be instituted. A possible breakdown is given
in Table 5.
Open procedural experience
Attaining competence in the broad range of open vascular
procedures is an essential component of vascular training.
This requires experience both as an assistant and as primary
operator. Both the Resident Review Committee for Surgery
(RRC-S) in the USA and the Board of Vascular Surgery of theTable 5 Endovascular experience: possible number of
procedures to be performed during training and possible
breakdown of specific procedure numbers. *suggested
minimum numbers.
Procedure Total
Diagnostic Angiography 100
Angioplasty/stent placement:
including;
50
Aorto-iliac* (20)
Femoral-above knee popliteal* (15)
Infra-genicular* (15)
EVAR Included in Table 6
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numbers of standard vascular procedures (including EVAR)
to be performed during the training program. Our Board
and those of other surgical specialties in Australasia are
moving to a competency-based training program, however
a minimum absolute number of procedures performed is
likely to continue to be required. Suggested minimum
requirements are shown in Table 6.
Assessment of training
Ensuring that surgical trainees attain satisfactory levels of
competence during training frequently presents a challenge
to training boards.6 Multiple assessment strategies are
required to assess achievement of the range of expected
competencies.7
Regular assessment of trainees observed undertaking
a long case assessment (Mini-clinical evaluation exercise-
miniCEX) and observed performance of standard surgical
procedures (Direct observation of procedural skills- DOPS)
is currently being introduced into the Australasian program
and is being widely used internationally in many specialty
areas including vascular surgery and emergency medi-
cine.4,8 Six-monthly assessment of progress by mentor
reports and annual interview by a member of the relevant
Board is undertaken in Australasia and would seem very
worthwhile, both for assessing trainee progress and
assessing whether there are any problems with the training
post (eg difficulties with trainee access to ultrasound or
angiography suites, insufficient numbers of open and/or
endovascular procedure numbers).
A range of assessment methods including a final
summative examination in addition to satisfactory super-
visor reports, logbook numbers and completion of modules,
allows confirmation that the trainee vascular and endo-
vascular surgeon has achieved the expected competencies
prior to completion of training.
Duration of training
Currently most programs require 3e4 years of dedicated
vascular training in addition to non-vascular attachments of
variable duration.9,10 Whilst our and other programs move
toward a competency-based training program, it is hard to
imagine the broad scope of expected competencies being
achieved in a shorter period of time. Indeed, it seems likely
that many trainees will ask for or be required to extend
their time in training.Table 6 Suggested open operative experience; number of
procedures to be performed during training.
Assist Primary Operator
Open AAA 30 20
Carotid endarterectomy 20 20
Lower limb bypass 30 20 top/20 bottom end
10 tibial bypass
20 re-do operations
EVAR 30 20
Renal access 30 30The Development of a Core International
Curriculum for Vascular and Endovascular
Surgery
The changes which have occurred in vascular and endo-
vascular surgery over the last 20 years have resulted in the
development of a specialty which is functionally (if not
universally politically) separate from general surgery.9 The
competencies which we would all expect graduating
vascular and endovascular surgeons to have achieved are
likely to be universally accepted by our training bodies.
This therefore raises the question as to whether we should,
perhaps via the World Federation of Vascular Societies,
develop an agreed core Curriculum in Vascular and Endo-
vascular Surgery.Advantages of a Core International Curriculum
in Vascular and Endovascular Surgery
There are a number of potential advantages in adopting
a core curriculum in our specialty. The certification or
credentialing of vascular and endovascular surgeons who
have all achieved the expected competencies agreed to
internationally allows regulatory bodies to develop consis-
tent approaches between countries. Furthermore, as
trainees and surgeons move between countries, assessment
of qualifications and training becomes more straightfor-
ward and consistent.
Training boards in individual countries would be able to
potentially use the agreed curriculum to ensure access to
(for example) ultrasound laboratories or angiography
training for their trainees if access is otherwise blocked or
limited. The development of the on-line curriculum
modules by a core group of vascular surgeons in Australasia
has been challenging, time-consuming and has required
considerable resources. There seems limited value in each
country or regional training board developing their own
curriculum modules, particularly in regions with limited
resource provision for education and training.11
The modules which have been developed require regular
review and updating. This activity could be undertaken by
interested clinicians from a range of countries with an
interest in the relevant aspect of the curriculum. The
development of a large question bank would also allow
trainees to attempt the modules on several occasions if
they did not achieve a satisfactory number of correct
answers at an earlier attempt.Disadvantages of a Core International
Curriculum in Vascular and Endovascular
Surgery
The adoption of a core curriculum would require significant
level of agreement between societies, which may be chal-
lenging to achieve. Different service delivery models in
many countries may make key aspects of training difficult
to achieve. It is, however, unlikely that the overwhelming
majority of vascular and endovascular surgeons worldwide
would disagree on the core competencies that we would
S14 R. Fitridge et al.expect our trainees to achieve and indeed ourselves and
our colleagues to maintain.
Conclusion
The competencies required of the contemporary vascular
and endovascular surgeon require the development of
a curriculum and appropriate assessment techniques to
ensure that these are satisfactorily achieved. The devel-
opment of a core international curriculum would reduce
the challenges facing each country or regional training
board, reduce duplication of learning tools and resources,
avoid pitfalls already encountered and ensure that our
specialty maintains its pre-eminent position in the assess-
ment and management of vascular disease.
Conflict of Interest
The authors do not have a conflict of interest to disclose.Acknowledgements
The authors would like to acknowledge the invaluable role
played by Wendy Crebbin PhD and John Collins FRACS
from the Department of Education of the Royal Austral-
asian College of Surgeons for their contribution to the
development of the vascular curriculum, and the
members of the Board of Vascular Surgery of the Royal
Australasian College of Surgeons in the development and
implementation of the current curriculum in vascular
surgery.References
1 Avgerinos ED, Dalainas I, Liapis C. The transformation of
vascular surgeons to vascular specialists: policy or necessity?
Vasc Endovascular Surg 2009;43:233e7.
2 Boutros J, Sekhon MS, Webber EM, Sidhu RS. Vascular surgery
training, exposure, and knowledge during general surgery resi-
dency: implications for the future. Am J Surg 2007;193:561e6
[discussion 6].
3 CanMEDS. Extract from the CanMEDS 2000 project societal
needs working group reports. Med Teach 2000;2000(22):
549e54.
4 van Bockel JH, Bergqvist D, Cairols M, Liapis CD, Benedetti-
Valentini F, Pandey V, et al. Education in vascular surgery:
critical issues around the globe-training and qualification in
vascular surgery in Europe. J Vasc Surg 2008;48:69Se75S
[discussion 75S].
5 Calligaro KD, Toursarkissian B, Clagett GP, Towne J, Hodgson K,
Moneta G, et al. Guidelines for hospital privileges in vascular
and endovascular surgery: recommendations of the Society for
Vascular Surgery. J Vasc Surg 2008;47:1e5.
6 Crebbin W. What do you mean by ‘‘satisfactory’’? Ann Acad Med
Singapore 2005;34:473e7.
7 Scott AR. Educational challenges in vascular surgery: an Aus-
tralasian response. J Vasc Surg 2008;48:66Se68S [discussion 8S].
8 Robinson S, Boursicot K, Hayhurst C. The East Anglian specialist
registrar assessment tool. Emerg Med J 2007;24:180e4.
9 Cronenwett JL, Liapis CD. Vascular surgery training and certi-
fication: an international perspective. J Vasc Surg 2007;46:
621e9.
10 Liapis CD, Avgerinos ED, Sillesen H, Beneddetti-Valentini F,
Cairols M, Van Bockel JH, et al. Vascular training and endo-
vascular practice in Europe. Eur J Vasc Endovasc Surg 2009;37:
109e15.
11 Moreira RC. Critical issues in vascular surgery: education in
Brazil. J Vasc Surg 2008;48:87Se89S [discussion 9S].
